Energy is one of the basic needs of socio-economic development of an area. The conventional method of electricity generation and grid-connected transmission and distribution system is expensive for the remote rural areas of India, resulting in lower per capita energy consumption. Grid connectivity or establishing new power plants using conventional energy sources is more difficult and expensive in the islands. The depletion of conventional energy sources is also another reason to explore alternative energy sources. Regardless of the cost and depletion of conventional energy sources, environmental issues are of greater concern on the islands. The pollution due to conventional energy sources destroys the biodiversity and ecological health of an island. The aim of the present study is to examine the distributed generation system using different renewable energy sources from the available meteorological data of the largest island in the Sundarbans deltaic complex, West Bengal, India, viz. Sagar Island. The vast number of renewable energy sources available in this island have been studied and the possibility of electricity generation is discussed. Moreover, the possible per unit cost is also estimated using levelized cost of energy.
AT present, energy utilization is one of the prime indicators of sustainable development. India is a developing country where the generated electrical energy is approximately 329,205 MW with a 0.8% energy deficit 1 . Due to rising population and increasing load demand, the energy deficit is difficult to compensate. In India, the per capita energy consumption per person is around 1075 kWh, which is below the world average and very much lower than that of developed countries. This indicates the poor sustainable development of the country. The problem is related to energy deficit mainly faced by the remote rural areas due to difficult and cost-effective grid connectivity which minimizes the sustainable development. In India, 67% of the energy is produced from fossil fuels and it is difficult to increase the generation capacity due to depletion to compensate future energy demands 2 . At present, environmental pollution is a prime concern. All the primary energy sources cause damage to our environment, leading to a new era for generating electricity from renewable energy sources to compensate future energy demands and initiate sustainable development.
The problem related to energy deficit is significant in the remote rural areas and islands where grid connectivity is difficult due to topographical constraints. The Indian islands face great difficulty to access reliable electricity. Environmental issues are more predominant in Sagar Island, West Bengal, India where contamination of the environment destroys biodiversity and ecological balance. Nowadays, to electrify a distant land from the main land, the distributed generation policy has been introduced by the Government and International Corporations. Generally, in distributed generation, the renewable energy system is used to reduce the environmental pollution. Thus renewable energy resource management is much essential to generate pollution-free electricity for sustainable development of the island.
Sagar Island is located in the Sundarban region, which is world's largest delta formed by the rivers Ganga (Hugli in this region), Brahmaputra and Meghna. About 40,000 families inhabit 47 villages of Sagar Island spread over 504 sq. km area. Due to premature reclaim, parts of the Island remain 3 m below sea level. Hence environmental imbalance is dangerous to the very existence of Sagar Island 3 . Most of the places in Sundarban area are separated from the mainland by rivers and creeks which make the grid-connected electricity supply system difficult. Sagar Island, like other parts of the Sundarban, is characterized by mangrove swamps, waterways and small rivers, isolated from the mainland by the Indian Ocean and the Hugli River, which restrains the grid connectivity and suppresses sustainable development 4 . Due to insufficient electrical energy, sustainable development of the island is not adequate and future development is also difficult. Due to lack of electricity, majority of families depend upon kerosene lamps for emergency lighting purposes.
At present, a lot of research is being done on distributed generation systems worldwide. Some researchers studied the different renewable energy sources and their impact on the environment for future demand 5 . Some studies mainly focused on the optimization of renewable energy sources for a predicted load consumed in a particular area for sustainable development 6, 7 . Studies have also optimized the minimum cost for renewable energy sources combined with diesel generator to compensate a particular load [8] [9] [10] . In Sagar Island, research has been concentrated on solar energy and biomass energy to generate electricity [11] [12] [13] [14] . The hybrid generation system with diesel generator has also been studied here with details available on the technological development and practical implementation, data analysis and optimization 15 . However, the feasibility of electricity generation using tidal and ocean energy sources has not been examined. In this present study, the different topologies of electricity generation in Sagar Island using different renewable energy sources have been studied with comparative cost analysis. The possible energy mix to construct a hybrid system to increase reliability and generation capacity without increasing the storage devices is also discussed, without compromising the environmental effect. The present study will help initiate further research for new energy generation technology in Sagar Island, where a wide variety of renewable energy sources is available. Figure 1 shows the location of Sagar Island in Sundarban area 16 . The Island is located between the Tropic of Cancer and the equator, where adequate solar energy is available throughout the day 17 . Availability of solar energy and barren coastal area indicate the availability of wind energy. There are hydel energy sources based on the Hugli River (local name -Muri Ganga) to generate electricity. The other renewable sources are biomass, tidal energy and blue energy.
Solar energy is one of the promising energy resources in the world due to its availability, noiseless operation and less maintenance during the generation of electrical energy 18 . According to the NASA surface metrology in Sagar Island, the sun provides promising solar energy with an average 13.6 h (solar hour) round the year (Figure 2 ) 19 . Figure 3 shows the average monthly solar irradiance of Sagar Island. During different months, the solar irradiance and solar hour are adequate to generate energy using solar photovoltaic (SPV) as well as concentrating solar thermal (CST) technology or a combination of both. The only difficulty related to solar energy is less energy density compared to other sources. The efficiency to convert solar energy is around 17% for CST and 15% for SPV technology. Compared to CST, SPV system is more acceptable due to the less maintenance during operation. Due to less energy density, the area required to establish the solar power plant is very large. The other difficulty to utilize solar energy to generate electricity depends on the seasonal variation of clear-sky irradiance level. During monsoon, solar irradiance is hardly available in Sagar Island. In Sagar Island, the maximum estimated numbers of sun days is 8.75. It requires large numbers of batteries to store the generated energy. The use of huge number of batteries reduces the flexibility and increases the cost of the system. It also occupies more space. A wind turbine attached to a generator converts kinetic energy of wind into electricity. Normally 3-15 m/s is the optimum wind speed to generate electricity using wind energy. At present, due to developed technology and materials science built the lower speed wind turbine to generate electricity 20 . The wind is a by-product of solar energy. Approximately 2% of solar energy reaching the earth is converted into wind energy. Sagar Island provides low but moderate wind speeds (Figure 4) 19 . The island has plenty of barren land in the coastal areas resulting in uninterrupted wind flow. There is also adequate space for construction of a tower and other accessories to generate electrical energy from wind energy.
The potential energy of water is converted into electricity using turbine generator set in the range of a few watts to kilowatts, this is called small-scale hydro-power. The system is based on run-of-river schemes or implemented in existing water infrastructure. The small-scale hydropower plant is normally installed in the hilly areas where the water speed is very high. The total small-scale hydro energy is essential and beneficial in terms of low-cost electricity, quick start and no environmental impact. The Sagar Island encircles the Hugli River, but due to flat geographical surface the water speed does not fulfil the requirement to generate electricity.
The Sagar Island is surrounded by natural forests and barren land covered with weeds, which are considered as biomass. As the main occupation in the Island is cultivation, the agricultural by-product is also considered as biomass. Rice husk, crop residue, jute stick, wood, animal waste, municipal waste, etc. all are available in Sagar Island. To extract energy from biomass, normally biomass is burnt in a boiler to generate electricity using a gas turbine. Due to the burning of biomass, some pollutant gases are generated during the generation of electricity, but as the biomass resources regenerate within a few years it is considered as a renewable energy source. Using recent technology biomass is converted to biofuel and directly utilized for transportation and pumping operation. Using the developed technology, production of hydrogen energy from biomass is also possible. The produced hydrogen is utilized in vehicles or to generate electricity using fuel cells. The direct estimation of biofuel or biomass is not possible because it is directly related to the field survey and other variables [21] [22] . The available forms of energy from the ocean to generate electricity are tidal energy, wave energy, ocean thermal energy conversion (OTEC) and salinity gradient. Due to gravitational force by the sun and the moon, the level of the earth's surface water changes in a cyclic manner, which is known as tidal energy 23 . To convert tidal energy into electricity, tidal-barrages technology and tidalcurrent technology are used. In the former case, a dam is built to store water during high tides and this stored water is then discharged through a water turbine during ebb tides. The attached generator generates electricity by converting the potential energy of water due to tides. In the latter case, the water current due to tides is utilized to generate electricity. The kinetic energy of the water stream is converted to electricity using an underwater turbine attached to the generator, similar to the wind energy conversion system. The Sagar Island has a higher value of tide ranges around 6 m (maximum) to 1.5 m (minimum, Figure 5 ) which indicates the prospects of generation of electrical energy from tidal energy sources 24 . The wave energy is a by-product of solar and wind energy. The other factors affecting the wave energy is the distance of open water over which the wind blows, width of the area affected by the wind, duration of wind blow and water depth 25 . The Sagar Island, is located at the Bay of Bengal (BoB) covering a large coastal area, and massive solar energy around the year with maximum solar hour around 13.6 h. Due to geographical location, Sagar Island has a huge potential of wave energy which is estimated based on data provided by a station wave energy estimation station 23,223 of BoB near Sagar Island (Figure 6 ) 26 . The data obtained from the wave station indicate the huge potential of wave energy to generate electricity, but the disadvantages are costly equipment and advanced technology.
In OTEC, the temperature difference between sea surface water and deep water can be harnessed to generate electricity 27, 28 . The surface water of the ocean traps heat energy from the sun. This trapped energy is used by the working fluid using a heat exchanger. The working fluid evaporates easily by the trapped energy and provides kinetic energy to the turbine. The condensation of the working fluid is done by pumping cold water from the deep ocean. Due to the availability of solar energy, the Sagar Island has a huge difference in temperature from the surface of the ocean to the deep water. Normally a 20°C difference in temperature is optimum for the OTEC process, which is available in the Sagar Island. shows the temperature difference between the surface and deep water. The advanced technology and costly apparatus are barriers to generate electricity using this process. The salinity difference between freshwater and ocean water has a huge potential to generate electricity. This is called the salinity energy or blue energy 29 . Using advanced membrane science and technology, the blue energy is converted to electricity. There are two methods of harvesting energy from the salinity differencepressure-retarded osmosis (PRO) and reverse electrodialysis (RED). In the former process, the pressure difference between river water and seawater is about 23 atm under ordinary conditions, equivalent to the hydrostatic head of 231 m dam. In this process, semi-permeable membranes are utilized to transfer static energy freshwater to the high-concentration draw solution (seawater or brine). The high-pressure seawater extracts more energy from the freshwater than that utilized to rotate the turbine attached to the generator. This produces electrical energy like the hydroelectric generation plant.
In the latter process, seawater and freshwater are pumped into arrays or stacks of membranes with alternating anion-exchange and cation-exchange membranes. The salt water or brine (draw solution) and freshwater (low concentration solution) pass through a semi-permeable membrane with an applied hydraulic pressure. The ion selectivity of the membrane due to the concentration difference between the salt water and fresh water directly produces electrical energy. The difference in electrochemical potential due to movement of ions is converted to an electrical current in the stack.
The Sagar Island is located at the mouth of the Indian Ocean, where the Hugli River, meets the Ocean. Hence the island has a huge prospect of generation of electricity using blue energy. The only difficulties are technological development and high cost.
The feasibility study of generation of electricity is incomplete without considering the cost analysis. To calculate the per unit generation cost of the different power supply systems possible in Sagar Island the levelized cost of electricity (LCOE) method is applied and compared with the diesel-based power supply system. 
To calculate annual fixed cost, the capital recovery factor (CRF) should be multiplied by the overnight generation cost per unit for different power supply systems. Equation (2) shows the mathematical equation of CRF.
(
where r is the rate of interest of the weighted average cost of capital (in this study, it is assumed as 11%), and i is the investment life (normally the life cycle of the power supply system). Table 1 indicates the competitive analysis of different mode of power supply system based on per unit generation cost of electricity 32 . It is more realistic and appropriate to estimate the per unit generation cost for a particular area using society's cost of electricity (SCOE). In case of SCOE, the environmental and social benefits are included with the per unit generation to evaluate the generation cost and the impact of power generation on the society 32 . SCOE = LCOE + cost of climate change damage + cost of air pollution damage + system integration costs.
The calculation of SCOE is based on available data and detailed experiments related to environmental effect are required.
The diesel generator is a good option for distributed generation system as it has a wide range of capacity from a few kilowatts to megawatts, with little overnight cost. However, the per unit generation cost is high compared to wind and biomass-based distributed generation system and its environmental effect also increases the SCOE compared to the other distributed generation systems. Among the power supply system using solar PV and solar thermal, the former process of generation of electricity is more effective because of less overnight cost, less per unit generation cost. Moreover, it has also the ability to construct in different generating capacity easily. To reduce the per unit generation cost in the latter system the capacity should increase, which introduces the concentrated grid connected system. In case of the onshore wind and offshore wind, the former has less overnight cost, less maintenance cost and less per unit generation cost. Normally, wind speed fluctuates less at offshore than onshore, which indicates more reliable generation of electricity is possible at offshore as compared to onshore. It also reduces the mechanical and electrical stresses for supporting equipments of generation of electricity using wind energy. The biomass-based distributed generation system provides minimum per unit generation cost compared to the other distributed generation systems, but SCOE is high due to the production of harmful gases during generation of electricity. The other problem related to the biomass-based distributed generation system is the large capacity to minimize generation cost, and the cost related to maintain the quality of biomass during winter and the rainy season. In case of tidal and wave energybased distributed generation system, the former has less per unit generation cost compared to the latter. The size of the generation system in case of wave energy is huge, which is similar to the concentrated distributed generation system. The battery is the inevitable unit of the distributed generation system which stores the surplus generated energy and supplies it to the consumer, whenever the primary source of energy is lacking.
From an overview of the different distributed generation systems, the SCOE is found to be higher in case of diesel and biomass-based distributed generation system as this contaminates our environment during generation of electricity. All the other distributed generation systems are environmentally-friendly. The problem related to renewable energy resources are their intermittent nature which vary with time. By analysing the available data, solar energy is found to be most promising energy source. The available technology also supports electricity generation successfully but the problem related to solar energy is its highly intermittent nature. The energy is not only unavailable at night, but also during the monsoon. The intermittency increases the size of the storage devices and hence the cost increases. The intermittency of wind energy is lower in the Sagar Island but wind speed is moderate, which indicates lower energy output with a high-capacity wind turbine. The biomass energy sources are also promising according to availability, but a problem arises to maintain the quality of biomass during monsoon which introduces high cost and large energy storage devices. In case of tidal and wave energy sources, intermittency does not have made effect much due to seasonal variation, but the wave energy needs a lot of time and huge cost to generate electricity compared to the tidal energy. The blue energy and OTEC are new technologies in the generation of electricity. Both the systems introduce huge overnight cost. To generate electricity efficiently using these technologies and make it feasible at the utility level, more research work is to be focused.
The various energy sources in a particular rural area of Sagar Island have been discussed here. Due to inconsistency in different renewable energy sources, the electricity generation from a single renewable energy source is not reliable. The battery bank maintains the required reliability of such a energy source. Due to the poor life cycle and high maintenance cost, the overall cost of electricity generation increases. Instead of a large battery bank, the hybrid system may be introduced in Sagar Island to maintain reliability using solar-and wind-based hybrid system to generate electricity, as wind energy does not vary during monsoon. The biomass-wind-based distributed generation system can also be used, but the biomass-based electricity generation is harmful to the environment. At present, the generation of electricity using tidal energy sources is higher, but in future due to improved technology the per unit generation cost may reduce and the tidal-wind hybrid system may be utilized for generation of electricity.
